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Previews
leagues speculated that utrophin might bind to F-actinMore Insights into Structural
in this extended conformation seen in their crystal,Plasticity of Actin Binding Proteins rather than in the compact form seen in the earlier fim-
brin crystal structure. In fact, the extended conformation
was required to expose sites on utrophin previously
indicated to be involved in actin binding. An EM recon-
In this issue of Structure, polymorphism of an actin struction of the utrophin ABD complexed with F-actin
binding protein is revealed in the structure of the fim- was interpreted as showing this extended conformation
brin core (Klein et al., 2004), consistent with previous for the CH domains (Moores et al., 2000). Subsequently,
observations suggesting that proteins built from cal- some of the same authors generated a new reconstruc-
ponin-homology domains have an ability to bind to tion and proposed that the utrophin ABD bound to
F-actin in multiple modes. F-actin in a compact, closed conformation (Sutherland-
Smith et al., 2003). A single-particle-based approach
Actin is one of the most abundant proteins found in to image analysis, in contrast to helical methods that
eukaryotic cells. Not surprisingly, there are an extraordi- average over potentially heterogeneous actin filaments,
nary number of actin binding proteins. These actin bind- suggested that the tandem CH domains within utrophin
ing proteins function in such diverse activities as muscle bind to F-actin in two different modes (one with one CH
contraction, the polymerization and depolymerization of domain per actin subunit, the other with two CH domains
actin filaments (F-actin), which is crucial for cell motility, per actin), and that both modes involve an extended
and organizing actin filaments into higher order struc- conformation (Galkin et al., 2002). It was argued that
tures. Among the proteins that crosslink actin filaments this underlying polymorphism in binding could account
to form bundles and networks, it was observed that a for the previous results indicating a compact mode of
highly modular architecture exists (Matsudaira, 1991). binding (Galkin et al., 2003). An EM study of -actinin
An actin binding domain (ABD) was characterized within suggested that at one end of the molecule the two CH
a large class of actin-crosslinking proteins, including domains were in a compact, closed conformation, while
fimbrin, dystrophin, utrophin, spectrin, and -actinin, at the other end they were in an open, extended state
that contains tandem calponin homology (CH) domains. (Liu et al., 2004).
Remarkably, the single CH domain present in the epony- More crystal structures have provided additional sup-
mous protein, calponin, has been shown to be neither port for plasticity within these tandem CH domains. A
necessary nor sufficient for the binding of calponin to crystal structure for the dystrophin ABD also revealed
F-actin (Gimona and Mital, 1998). This suggests that an antiparallel dimer and a similar extended conforma-
the simplest models for actin binding involving primitive tion of CH domains as seen in the utrophin crystal struc-
actin binding modules (CH domains) are likely to be ture, but flexibility within the arrangement of these CH
wrong. This may also explain why there are many con- domains was quite clear (Norwood et al., 2000). There
flicting and puzzling observations about the interactions was a rotation of 72 of one pair of CH1 and CH2
between CH domains and F-actin. domains with respect to the other pair when compared
A crystal structure of the actin binding core of fimbrin with the utrophin ABD crystal structure. A crystallo-
(Klein et al., 2004) makes an advance in our understand- graphic and calorimetric study of the plectin ABD con-
ing of how these proteins might interact with F-actin by cluded that while the two CH domains are in a closed
revealing a significant degree of polymorphism within conformation in the crystal, binding to F-actin induces
this rather compact structure. Fimbrin contains two an open conformation that is inhibited by an engineered
ABDs (ABD1 and ABD2), with each containing two CH interdomain disulfide bond (Garcia-Alvarez et al., 2003).
domains (CH1 and CH2 in ABD1, and CH3 and CH4 in The latest crystal structure (Klein et al., 2004), con-
ABD2). The two ABDs provide the crosslinking function taining two ABDs, makes several contributions to our
of fimbrin: each ABD is expected to bind to a different knowledge about tandem CH domains. One lesson to
actin filament. Exactly how tandem CH domains might emerge from this crystal study is that the CH domains
interact with actin has been the source of some specula- are quite flexible, as previously suggested. Since there
tion, and direct observations have generated conflicting are two copies of the fimbrin core per asymmetric unit
interpretations. The first ABD within fimbrin has pre- in the crystal, a superposition can be made between
viously been solved by X-ray crystallography (Goldsmith these two molecules (Figure 1) which reveals that CH1
et al., 1997), and the two CH domains formed a compact within ABD1 undergoes a rotation of 50 between
globular structure. An electron microscopic (EM) recon- these two molecules. Surprisingly, a number of muta-
struction of an N-terminal fragment of fimbrin containing tions that have been implicated in F-actin binding in-
this ABD was interpreted as showing that the fragment volve residues that are largely buried within or between
bound to F-actin in this compact globular form (Hanein CH1 and CH2 in ABD1. The authors conclude that the
et al., 1998). The tandem CH domains within utrophin, conformational changes that are needed to explain the
however, crystallized as an antiparallel dimer of two genetic data are consistent with the structural plasticity
ABDs, with each molecule having an extended dumbbell seen within the two molecules in the crystal asymmetric
unit. This new study reinforces the concept that crystalshape (Keep et al., 1999). Kendrick-Jones and col-
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binding proteins, accounting for the multiple modes of
binding that may be adopted, and understanding how
the potential structural polymorphism is controlled
within the cellular complexes.
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plexes has allowed characterization of the interfacesProtein-Protein Interfaces
between the proteins. Databases of cocrystallized pro-Are Special tein-protein complexes are used to study the interface
properties and derive relevant principles. Such currently
established principles involve: (i) importance of steric
complementarity, hydrophobicity, as well as electro-In this issue of Structure, characteristic features that
static and hydrogen bonding complementarity, (ii) simi-distinguish protein-protein interfaces from noninter-
larity of residue-residue and atom-atom preferences inface protein surface (Halperin et al., 2004) provide in-
protein-protein interfaces and protein cores, (iii) exis-sights into fundamental properties of protein recog-
tence of “hot spots” (side chains at the interface thatnition and contribute to improvement of docking
play a significant role in the binding), and (iv) evolution-methodologies.
ary conservation of the interface residues.
The paper from Nussinov’s group (Halperin et al.,Studies of protein-protein interactions are an important
2004), which appears in this issue, describes a system-direction in computational structural biology. The in-
creasing availability of crystal structures of protein com- atic study of protein-protein interfaces based on a com-
